In the present study we aimed to examine the relationship between competitive anxiety, autonomic nervous system activity represented by Heart Rate Variability (HRV) and respiration, and performance in novice archers. We also interested in whether neuroticism may be a factor with a potential to moderate the link among anxiety, autonomic activity and archers' performance. Methods: The sample included 39 novice archers ranging in age from 18 to 27. Participants first completed to anxiety and neuroticism measures. Then, participants' HRV and respiration activity was measured for 4 minutes. Afterwards, participants shot 10 arrows from 18 m to an 80 cm diameter target while their HRV and respiration was measured. Shooting accuracy was determined in terms of radial distance (error) from the center of the target. To determine an overall performance score, the median value of the 10 arrows was calculated for each participant. Spearman correlation analyses together with linear regression were used to analyze obtained data set. Results: Overall, results indicated an association between respiration and anxiety. Moreover, results provided preliminary evidence that neuroticism may be a factor having potential to moderate the relationship between anxiety and autonomic activity before and during an archery competition. Discussion: Results of the present study suggested that determination of archers' performance should be based upon both physiological and psychological factors.
Introduction
Archery is a unique athletic discipline in which psychological state such as anxiety and related autonomic responses may have a vital influence on performance. Therefore, there is a clear need to understand archers' psycho-physiological responses and factors with a potential to affect these responses.
The Multidimensional Anxiety Theory (MAT) (Martens, Burton, Vealey, Bump & Smith, 1990 ) is one of the most influential theoretical frameworks providing a comprehensive scientific ground for the researchers aiming to clarify the relationship anxiety and athletic performance. Briefly stated, MAT considers anxiety as a multidimensional construct consisting of both somatic and cognitive subcomponents. The MAT defines cognitive anxiety as "the mental component of anxiety and is caused by negative expectations about success or by negative self-evaluation" (Martens et al., 1990 , p.6) and a negative linear relationship is expected between cognitive anxiety and performance. On the other hand, Martens et al. (1990, p. 6 ) defined somatic anxiety as "the physiological and affective elements of the anxiety experience that develop directly from autonomic arousal" and they suggested an inverted U shaped relationship between somatic anxiety and performance. In addition to anxiety, Martens at al., (1990) considers self-confidence as a third factor having a potential to have positive influence on performance, although, it is not an original anxiety component.
To date, the MAT has attracted incredible amount of scientific attention from the researcher in the field of sport psychology (Hagan, Pollmann, & Schack, 2017) (Bum & Shin, 2015) . In this studies researchers' efforts focused mainly on the examination of MAT's hypothesis regarding the relationship between anxiety subcomponents and athletic performance (Robazza & Bortoli, 2007 (Smith, Smoll, & Cumming, 2007) . Given the wealth of study examining MAT's prediction, there are still some theoretical issues that need to be addressed. In this respect, only few study examined whether somatic anxiety may be associated actual physiological arousal measured by objective methods. Further, stated that "somatic anxiety is of little theoretical value in explaining the relationship between physiological arousal and performance" (p. 444). Therefore, examination of somatic anxiety in relation to autonomic nervous system activity is of great importance and may have potential to contribute to our understanding of the relationship between somatic anxiety and actual physiological or autonomic arousal.
Heart Rate Variability (HRV) is one of the most prominent noninvasive indicator of autonomic nervous system and according to Carrillo, Christodoulou, Koutedakis, and Flouris (2011) HRV might be a useful tool to explore autonomic nervous system activity during a precision task. The autonomic nervous system is modulated by two well balanced systems. The Sympathetic Nervous System (SNS), which is related to the fight or flight response; and the Parasympathetic Nervous System (PNS), which is associated with rest and the digestive system (Thayer & Lane, 2009 Lorig, 2007) . Although, to our best of knowledge, no previous study examined the link between anxieties and related respiratory responses in archers, the aforementioned arguments and research findings may provide a theoretically sound ground to examine this association in archers.
Another issue that must be dealt with is the lack of understanding regarding whether certain individual differences may have potential to moderate the relationship between anxiety, autonomic responses and performance. In this regard, considering the argument by Ebstrup, Eplov, Pisinger, and Jørgensen (2011) suggesting that personality traits, especially those within the Big Five personality model, may give rise to different methods of appraising and coping stress, it can be concluded that personality traits may lead better understanding of the association among anxiety, autonomic responses and performance. The most important personality traits that can alter athletes' autonomic responses to anxiety before and during the execution of a motor is the neuroticism. Neuroticism may create a disadvantage in tolerance of the debilitating effects of stress on performance because of low arousability of the limbic.
System (Matthews & Gilliland, 1999) . Therefore, athletes having higher level of neuroticism may be more predispose to experience anxiety and physiological arousal.
In the present study we aimed to explore the relationship between somatic and cognitive anxiety, related autonomic activity represented by HRV, respiration and performance in archers. Based on the theoretical frameworks and research findings mentioned above we postulated that physiological arousal should be associated with anxiety components both before and during an important archery event. Moreover, this relationship should be more evident among the athletes having higher level of neuroticism.
Material and Methods

Participants
Participants were 39 (12 female) college students ranging in age from 18 to 27 [23.5 (2.11), mean (s)]. None of the participants had previous experience in archery. However, they enrolled and completed in a 14-week archery class to receive course credit. Participants had no acute or chronic neuromuscular disease or psychiatric disorder and were required to abstain from the use of any medications that may affect nervous system functioning.
Personality Measures
The short form of the Five Factor Personality Inventory (FFPI) developed by Tatar (2005) was used to assess conscientiousness; this is an 85-item personality inventory designed to evaluate the five main personality traits, namely, neuroticism, extraversion, openness to experience, agreeableness and conscientiousness. Item responses are made using a 5-point format. In this study, only the neuroticism subscale of the FFPI was used. Internal consistency score for the neuroticism factor was 0.87.
Anxiety Measures
The Competitive State Anxiety Inventory-2 (CSAI-2) (Martens, et al., 1990 ) was used to measure competitive anxiety. The inventory contains 27 items, nine for each of the three subscales of Self-Confidence, Cognitive Anxiety, and Somatic Anxiety. The 27 items were measured using a Likert-type scale ranging from 1 (not at all) to 4 (very much so). Cronbach's alpha coefficients were .80 for Self-Confidence, .77 for Cognitive Anxiety, and .82 for Somatic Anxiety.
Procedure
In the first stage of the experiment, participants first completed the CSAI-2. Then, their resting HRV was measured for 4 minutes while sitting. In the next stage, participants shot 10 arrows in 4 minutes from 18 m to an 80-cm diameter target. The shooting task was self-paced, so participants decided when to shoot an arrow and how long to prepare to shoot. Based on a pilot study of five novice archers, we determined that participants were required to shoot an arrow in approximately 20-25 seconds. Participants were given additional arrows if they finished their shooting in less than 4 minutes. However, only the first 10 shots were taken into account. Performance was determined as the sum of the first 10 shots.
Statistical Analyses
To explore the relations of CSAI-2 components, namely cognitive anxiety, somatic anxiety and self-confidence, to shooting performance, respiration rate and HRV measured during before and during shooting session Spearman rho correlation coefficient were calculated. Afterwards, the sample was partitioned based on a median split of the neuroticism scores as high and low neuroticism groups. Then the same relation correlation analyses were repeated for both groups. Finally, we tested whether the regression model containing CSAI-2 components may have ability to predict performance and physiological arousal represented as respiration in both low and high neuroticism groups.
Results
Considering the entire sample results of Spearman rho correlation showed that among the CSAI-2 components cognitive (r =.49, p = .002) and somatic anxiety (r = .35, p = .003) were positively and significantly related to respiration rate measured before shooting session. However, self-confidence (r = -.33, p = .041) was negatively and significantly correlated to respiration rate. None of the CSAI-2 components were associated HRV measured before the shooting session. The relation between CSAI-2 components was also unrelated to shooting performance.
We also interested in whether association between CSAI-2 components, psycho-physiological arousal and performance may be differed as result of neuroticism. Hence, the sample was partitioned based on a median split of the neuroticism scores as high and low neuroticism groups and the same relationships were examined in these groups. Results demonstrated that in high neuroticism group cognitive anxiety was positively associated with respiration (r = .58, p = .009) measured before shooting session and negatively associated with shooting performance (r = -.62, p = .005). There was no other significant correlation in high neuroticism group. In low neuroticism group, cognitive anxiety was significantly associated HF power (r = -.49, p = .047) measured before shooting session. No other significant association was found among CSAI-components, psycho-physiological arousal and performance in low neuroticism group.
The link among CSAI-2 components, psycho-physiological arousal measured during shooting and shooting performance was also examined. Results indicated that cognitive anxiety was significantly correlated to respiration (r = -.43, p = .006) in entire sample. Neither, somatic anxiety nor self-confidence was associated with psycho-physiological arousal and performance. When the sample partitioned as high and low neuroticism groups results demonstrated that self-confidence component of was inversely and significantly related to LF power (r = -.53, p = .017) in low neuroticism group. There was no other significant relationship in low neuroticism group. In high neuroticism group, both cognitive (r = -.55, p = .015) and somatic anxiety (r = -.47, p = .043) has been found to be negatively and significantly associated with LF/HF ratio measured during the shooting session. Cognitive anxiety (r = .73, p = .001) was also correlated to respiration measured during the shooting session in high neuroticism group. In high neuroticism group, respiration measured during the shooting session was inversely related to shooting performance (r = -.59, p = .008).
Based on the significant associations between CSIA-2 components, psycho-physiological arousal, especially respiration, we decided to test whether the regression model consisting of the CSAI-2 components of cognitive anxiety, somatic anxiety and self-confidence may have ability to predict respiration measured during shooting session and the shooting performance in high and low neuroticism groups. In low neuroticism group, results revealed that the model failed to explain significant amount of variance in respiration measured during shooting session [F (3, 16) = .812, P = .506, R = .13 R 
Discussion
In the present study we aimed to examine the relationship among somatic and cognitive anxiety, related autonomic activity represented by HRV and respiration, and performance in archers. We also interested in whether aforementioned association may vary as a result of neuroticism.
Results of the study provided some evidence for our predictions regarding the relationship among anxiety, related autonomic activity and performance. Hence, we found that both somatic and cognitive anxiety were positively associated with the respiration in entire sample. However, respiration was more strongly associated with cognitive anxiety than somatic anxiety. Considering CSAI-2 items measuring cognitive anxiety such as ''I am concerned about losing'' one would not to find a connection between cognitive anxiety and autonomic nervous system activity. Previously, Alix-Sy, Le Scanff, & Filaire, (2008) found somatic anxiety to be associated with salivary cortisol level which provides partial support for results. On the other hand, no previous study provided results whether cognitive anxiety may be associated with actual physiological arousal. Therefore, in future studies researchers should consider whether cognitive anxiety in addition to somatic anxiety may be a useful construct to understand athletes' actual physiological arousal. Contrary to anxiety, self-confidence has been found to be inversely correlated to the respiration. This result indicated that in addition to anxiety components of CSIA-2, self-confidence may also be correlated to physiological arousal.
Another result that must be dealt with is the lack of association between HRV and anxiety components. Considering entire sample, neither cognitive anxiety nor somatic anxiety was associated with HRV. This result led us to argue that cognitive and somatic anxiety may be associated only certain psycho-physiological parameters.
We found cognitive and somatic anxiety to be unrelated to performance (shooting accuracy in this case) in entire sample.
Similarly, considering entire sample self-confidence was also unrelated to performance. Examination of the two previous extensive meta-analyses on the relation of anxiety and confidence as measured by CSAI-2 to performance yielded contradictory results. In this respect, provided support for the suggested association of cognitive anxiety and confidence with performance. Contrary, the other meta-analysis by Craft, Magyar, Becker, and Feltz (2003) found only weak association between the same variables. However, it should be noted that neither meta-analysis included studies examining the link between anxiety, confidence and performance in archery. Hence, it seems that there is a clear need to explore this issue on this specific population.
The last issue that we want to address is the results showing that the association between anxiety, autonomic activity and performance may vary as result of neuroticism. Accordingly, LF power which is an indicator of sympathetic nervous system and sensitive to both physical (Martinmäki & Rusko, 2008) & Thayer, 2013 ) was inversely correlated to LF power only in low neuroticism group. This result may provide a preliminary evidence for the argument that self-confidence may be a factor having potential to buffer sympathetic cardiac activity only in archers with a lower level neuroticism. In other word, neuroticism may be mediating factor for the link between self-confidence and sympathetic cardiac activity which may have a vital effect on archers' shooting precision. In high neuroticism group, both cognitive and somatic anxiety was inversely and significantly correlated to LF/HF ratio which is a parameter that reflects the comparative balance of the two branches of the autonomic nervous system on cardiac activity (Kao et al., 2016) . In fact, contrary to the results obtained in the present study a positive relationship between competitive anxiety and LF/HF ratio is expected (Cervantes Blásquez et al., 2009). However, it should be noted archers should be able to strictly control their respiration activity for a more precise arrow shooting. In addition, archery is also a physically demanding athletic discipline and requires appreciable amount of muscular strength. Hence, during an arrow shooting session an increase in sympathetic cardiac activity together with a parasympathetic withdrawal (greater LF/HF ratio) is expected. Therefore, we concluded that the negative correlation between anxiety and LF/HF ratio, indicating relatively higher sympathovagal balance, in high neuroticism group can be an evidence that these archers failed to restrict their respiration activity during the arrow shooting. Strong positive (r = .73, p = .001) association between cognitive anxiety and respiration only in high neuroticism group provide support for our conclusion.
The present study may have several implications for both researchers and practitioners such as Olympic archery trainers and athletes. First, our results provide a preliminary evidence that neuroticism within the Big Five personality model can give rise to different autonomic cardiac responses in archers. Such an information may be helpful for the selection of prospective archery athletes. Second, ability to control the respiration may be influenced by the neuroticism.
